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Experimental Details General Considerations. Unless stated otherwise, all synthetic manipulations were carried out using standard Schlenk techniques under a nitrogen atmosphere, or in a M. Braun glovebox under an atmosphere of nitrogen. Reactions were carried out in oven-dried glassware cooled under vacuum. Anhydrous THF was purchased from Aldrich in 18 L Pure-Pac TM containers. Anhydrous dichloromethane, acetonitrile, diethyl ether, and THF were purified by sparging with nitrogen for 15 minutes and then passing under nitrogen pressure through a column of activated A2 alumina (Zapp's). All non-dried solvents used were reagent grade or better. All NMR solvents were purchased from Cambridge Isotope Laboratories, Inc. NMR solvents were dried as follows: CD 2 Cl 2 and CD 3 CN over calcium hydride, and d 6 -acetone over calcium sulfate. All NMR solvents were degassed by three freeze-pumpthaw cycles and vacuum-transferred prior to use.
1 H NMR and 13 C NMR spectra were recorded on a Varian 300 MHz instrument or a Varian 500 MHz instrument or a Varian 600 MHz instrument, with shifts reported relative to the residual solvent peak. 19 F NMR spectra were referenced to an external standard of CFCl 3 (0 ppm). Elemental analyses were performed by Midwest Microlab, LLC, Indianapolis, IN. High resolution mass spectra (HRMS) were obtained at the California Institute of Technology Mass Spectral Facility. UV−Vis spectra were taken on a Varian Cary 50 spectrophotometer using a quartz crystal cell. IR spectra were recorded on a Nicolet 6700 FT-IR spectrometer using a solution cell with CaF 2 plates.
Unless indicated otherwise, all commercial chemicals were used as received. Copper(II) hydroxide phosphate, benzoin, and lithium bis(trimethylsilyl)amide was purchased from Aldrich. Di(2-pyridyl)ketone was purchased from Aldrich or from Frontier Chemicals. Copper(II) triflate and copper(II) tetrafluorobrorate hydrate were purchased from Strem. Copper(I) triflate toluene dimer, [1] tetrakis(acetonitrile)copper(I) perchlorate, [2] and 1,3,5-tris(2-bromophenyl)benzene [3] were prepared according to literature procedures.
For
1 H NMR spectra discussed below, refer to Scheme 1 for signal assignments. In some of the compounds, the protons of the two pyridine moieties are related by symmetry and protons assigned as (a, b, c, d) will refer to protons (aʹ′, bʹ′, cʹ′, dʹ′) as well. In the glovebox, a Schlenk flask equipped with a stir bar was charged with 1,3,5-tris(2-bromophenyl)benzene (4.0 g, 7.37 mmol) and diethyl ether (80 mL). On the Schlenk line, the suspension was cooled to −78 °C, and t-BuLi (1.61 M, 27.9 mL, 44.9 mmol) was added slowly via syringe. The mixture was stirred for 15 min. at −78 °C, and a solution of di(2-pyridyl)ketone (4.21 g, 22.8 mmol) in diethyl ether (30 mL) was added slowly via cannula transfer. The reaction mixture was allowed to warm to room temperature and stirred for 8 h under nitrogen. The mixture was quenched with methanol (30 mL), and the orange solution was diluted with water and extracted with dichloromethane. The organic layer was washed with brine and dried over magnesium sulfate, then filtered. The solvent was removed under reduced pressure, and the yellow residue was recrystallized from acetone/dichloromethane to yield the product as a white solid (2.65 g, 42% (1•3ClO 4 ) . In the glovebox, a 20-mL scintillation vial equipped with a stir bar was charged with a suspension of H 3 L (0.050 g, 0.058 mmol) in acetonitrile (5 mL). While stirring, a solution of tetrakis(acetonitrile) copper(I) perchlorate (0.057 g, 0.175 mmol) in acetonitrile (5 mL) was added, and the yellow solution was stirred at room temperature for 5 h. The reaction mixture was concentrated under vacuum to a volume of 5 mL, and a yellow solid was then precipitated out upon addition of diethyl ether (10 mL). The yellow solid was collected and washed with diethyl ether, then extracted with dichloromethane (10 mL). The solvent was removed under reduced pressure from the yellow dichloromethane extract to yield the product as a yellow solid (57 mg, 61% The yellow solution was stirred at room temperature for 15 min., then frozen again. A suspension of copper(II) trifluoromethanesulfonate (0.632 g, 1.75 mmol) in 1:1 THF/CH 3 CN (4 mL) was added to the thawing solution, and the green suspension was stirred at room temperature for 1 h. The green precipitate was collected on a fritted glass funnel over Celite, and washed with THF, then extracted with acetonitrile. The solution was concentrated under reduced pressure to yield the product as a blue-green solid (0.604 g, 70%). The product can be recrystallized from CH 3 CN/THF to yield hexagonal blue green crystals (0.110 g, 13%). 1 In the glovebox, a J Young NMR tube was charged with 1•3OTf (16.9 mg, 0.01 mmol) in 0.7 mL CD 3 CN. On a Schlenk line, the solution was degassed with one freeze-pump-thaw cycle. The solution was frozen again, and the tube was evacuated and put under an atmosphere of O 2 . The solution was then allowed to warm up to room temperature. The yellow solution turned green and then darker blue-green over the course of 12 h. The 1 H NMR spectrum matches that of 2•3OTf prepared in the way described above. 
. Under ambient conditions, a scintillation vial equipped with a stir bar was charged with H 3 L (0.200 g, 0.233 mmol) and Cu 2 (OH)PO 4 (0.084 g, 0.349 mmol). The mixture was suspended in 2:1 H 2 O/acetone (15 mL), and phosphoric acid (85%, 0.016 mL) was added via syringe. The green mixture was stirred for 1 day, then filtered through Celite. The solvent was removed from the green filtrate in vacuo to yield the product as a green solid (0.210 g, 79% 
Synthesis of [(L)Cu 3 ]I(OTf) 2 (3•I•2OTf
). Under ambient conditions, a scintillation vial equipped with a stir bar was charged with 2•3OTf (0.051 g, 0.034 mmol) in acetonitrile (6 mL). A solution of tetrabutylammonium iodide (0.012 g, 0.034 mmol) in acetonitrile (2 mL) was added, and the green solution was stirred at room temperature for 3 h. The solvent was removed in vacuo, and the green residue was washed with THF, then extracted with acetonitrile. The solution was concentrated to yield the product as a green solid that was recrystallized from CH 3 CN/THF to yield hexagonal green crystals (0.032 g, 64 %). 1 
D 3 -2´-bromoacetophenone.
A Schlenk flask equipped with a stir bar was charged with NaOH (0.03 g) and flame-dried under vacuum. D 2 O (8 mL, 400 mmol) and 2´-bromoacetophenone (1.6 mL, 12 mmol) were added via syringe, and the mixture was stirred at room temperature under nitrogen for 40 h. Anhydrous diethyl ether (10 mL) was added, and the organics were extracted, dried over magnesium sulfate, and filtered. The solvent was removed under reduced pressure to yield the product as a colorless oil.
1 H NMR spectroscopy indicated 16% of the doubly deuterated compound. The product was carried on without further purification. 1,3,5-tris(2-bromophenyl) benzene. A flame-dried Schlenk flask equipped with a stir bar was charged with D 3 -2'-bromoacetophenone and then fit with a Teflon stopper. The flask was evacuated for 5 min., then fit with a septum. Trifluoromethanesulfonic acid (0.05 mL) was added via syringe. The yellow-orange mixture was stirred at 130 °C for 14 h, then cooled to room temperature. The mixture was quenched with D 2 O (2 mL) and CH 2 Cl 2 . The organics were extracted, dried over magnesium sulfate, and filtered. The solvent was removed in vacuo, and the red residue was taken up in CH 2 Cl 2 (5 mL). The product precipitated out of solution was a white solid upon addition of methanol. The solid was collected on a fritted glass funnel and further washed with methanol, then dried under vacuum (0.896 g, 41%).
1 H NMR spectroscopy indicated 30% of the doubly-deuterated product.
D 3 -H 3 L.
In a glove box, D 3 -1,3,5-tris(2-bromophenyl)benzene (0.57 g, 1.05 mmol) was added to a scintillation vial equipped with a stir bar and then suspended in diethyl ether (10 mL). The mixture was frozen in a cold well. To the stirred, thawing mixture, t-BuLi (1.61 M in hexanes, 3.97 mL, 6.39 mmol) was added via syringe. The dark red mixture was stirred for 10 min. at room temperature, then frozen again. To the thawing red mixture was added a thawing solution of di(2-pyridyl)ketone in THF (4 mL). The mixture was allowed to warm to room temperature and stirred for 7 h, turning green and then brown. The vial was removed from the glovebox, and the reaction was quenched with water. The precipitated orange solid was collected on a fritted funnel and washed with H 2 O and diethyl ether. The solid was dissolved in CH 2 Cl 2 , and the solution was washed with H 2 O and brine. The organic layer was dried over magnesium sulfate and filtered, and the solvent was removed in vacuo. The residue was recrystallized from CH 2 Cl 2 /diethyl ether to yield the product as a white solid (0.108 g, 12%). 2 •toluene (0.045 g, 0.087 mmol) were added to a scintillation vial equipped with a stir bar and dissolved in acetonitrile (5 mL). The orange solution was stirred at room temperature for 15 min. The solvent was removed under reduced pressure to yield the product as an orange-yellow solid (0.090 g, 88%).
Oxidation of 1•3OTf 1 equiv:
In the glovebox, a scintillation vial equipped with a stir bar was charged with a solution of 1•3OTf (0.050 g, 0.0287 mmol) in acetonitrile (8 mL). A stock solution (0.020 mL Et 3 N/5 mL CH 3 CN) was prepared in a second vial, and 1 mL (1 equiv) was added to the yellow solution. A second stock solution (0.037 g AgOTf/5 mL CH 3 CN) was prepared in a vial, and 1 mL (1 equiv) was added to the solution of 1•3OTf. The yellow mixture was stirred at room temperature for 12 h, during which the solution turned pale green and a silver mirror was formed. The mixture was filtered, and the green filtrate was concentrated in vacuo to a green solid. The 1 H NMR spectrum of a portion of the residue in CD 3 CN corresponds to a 1:2 mixture of 2•3OTf and 1•3OTf ( Figure S20 ). 2 equiv: The same mixture from before was redissolved in CH 3 CN (8 mL), and 1 mL each of the stock solutions of Et 3 N and AgOTf were added. The green mixture was stirred for another 12 h at room temperature, filtered, and concentrated. 
Magnetic Susceptibility Measurements
General Considerations. The magnetic susceptibility measurements were carried out in the Molecular Materials Research Center in the Beckman Institute of the California Institute of Technology on a Quantum Design MPMS instrument running MPMS Multivu software. Crystalline samples (0.030-0.100 g) were powdered and suspended in a clear plastic straw in gel caps. Data were recorded at 0.5 and 5 T from 4−300 K. Diamagnetic corrections were made using the average experimental magnetic susceptibility of H 3 L at 0.5 T from 100−300 K (−593 × 10 − 6 cm 3 /mol) in addition to the values of Pascal's constants for amounts of anion and solvent quantified for each sample using elemental analysis.
The χ M T data taken at 0.5 T were initially fit to the magnetic susceptibility equation derived from the isotropic spin Hamiltonian for two coupling constants, J and J 13 [Eq. (1)]. The best fit was found with α = J 13 /J = 1, so the data were instead modeled to an equilateral triangle of S = ½ spins [Eq. (2, 3) ].
The data were fit using Matlab [4] (contact author for code) by minimizing Table S2 ). The data for 2•3BF 4 •Et 2 O could not be satisfactorily fit without the inclusion of a temperature independent magnetism −500 × 10 − 6 cm 3 /mol, which may be attributed to the presence of diamagnetic impurities such as unaccounted for solvent in the material.
The magnetic parameters when the data are fit with an additional Curie-Weiss parameter θ are shown in Table S2 , Figure S20 , and Figure S21 . The variables were modeled from multiple starting values, and the fitted parameters were stable within reasonable ranges for J (-60 to 0 cm -1 ), g (1.90 to 2.10), and θ (-2 to 2 K), except for compound 2•PO 4 , whose fit showed a second local minimum with values of J = 1.0 cm -1 , g = 2.10, and θ = −4.5 K. This set of parameters was not favored because of its large θ value and because the R value was slightly higher (0.9 × 10 − 4 ).
The parameters fit without θ are shown in Table S3 , Figure S22 , and Figure S23 . 
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Figure S20. χ M T vs. T plots with fits for compounds 2 and 3 using parameters from Table S2 . T plots with fits for compounds 2 and 3 using parameters from Table S2 .
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Figure S22. χ M T vs. T plots with fits for compounds 2 and 3 using parameters from Table S3 . T plots with fits for compounds 2 and 3 using parameters from Table S3 .
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Magnetostructural Study 131.1 -57
144. 3 -104.7 Figure S24 . Plot of J vs. bridge angle for the series of alkoxo-or hydroxo-bridged copper(II) trimers presented in Table S4 .
EPR Measurements
X-band EPR spectra were obtained on a Bruker EMX Biospin spectrometer. Variable temperature measurements were conducted with an Oxford continuous-flow helium cryostat. EPR parameters were simulated using W95EPR. [5] The complexes were studied using X-band EPR spectroscopy in solution and in the solid state. The EPR spectrum of 2•3OTf in ethanol solution at 10 K ( Figure S24) shows a feature at around g = 2 arising from the doublet ground state. The EPR spectra of 2•3BF 4 , 3•I•2OTf, and 3•Br•2OTf are similar, with varying amounts of broadness ( Figure S27) . However, the EPR spectrum of 2•PO 4 shows an additional broad feature at around 1700 G. The low-field signal is characteristic of a S = 3/2 excited state. [6] As the temperature increases, the intensity of the low-field signal increases relative to that of the higher-field feature, suggesting a spin equilibrium between the quartet and doublet spin states, with the doublet state as the ground state in agreement with the small antiferromagnetic exchange interaction determined from the magnetic susceptibility data ( Figure S25 ). The variation in EPR spectra between 2•3OTf and 2•PO 4 is explained by the antiferromagnetic exchange between copper centers. Since J = -2.7 cm -1 in 2•PO 4 , the S = 3/2 state is thermally populated even at 10 K and EPR transitions within this quartet state can be observed. In contrast, at the same temperatures no low field EPR signals are observed in the other copper(II) complexes due to the larger antiferromagnetic exchange and doublet-quartet state energy splittings. 
